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occurs within the entire excitation light cone, inducing a
much higher photodamage. In two-photon microscopy
localization of excitation also provides excitation-based
three-dimensional resolution with no need for spatially
resolved detection through a confocal pinhole. Localization
of excitation is maintained even in strongly scattering tissue
(like the kidney), because the density of scattered excitation
photons generally is too low to generate significant signal,
making two-photon microscopy far less sensitive to light
scattering than traditional microscopy. Because all fluores-
cence photons are therefore known to originate from near
the focus, this results in an increased fluorescence collection
efficiency and thus greater signal intensity at any given tissue
depth. The lack of out-of-focus fluorescence in two-photon
microscopy also increases tissue viability. Therefore, repeat-
edly excitation of the same area is possible, enabling dynamic
studies of cellular events in the intact organs of live animals
over variable time periods from seconds to month.2–4
For two-photon microscopy, the application of suitable
in vivo fluorescence labeling techniques is crucial. This can
be accomplished either by systemic application of fluor-
escent probes, by the use of transgenic animals expressing
fluorescent proteins, or by delivering the substances
directly to the region of interest, for example, by using
micropuncture studies.5 Additionally, multiple fluoro-
phores can be excited and imaged at the same time.
In the kidney, besides our presented data on organic cation
transport,6 two-photon microscopy has been used to visualize
other dynamic processes, such as single nephron glomerular
filtration rate,7 proximal tubule endocytosis,8 apoptosis,9 organic
anion transport,10 microvascular function,11 protein expression,5
and functions of the juxtaglomerular apparatus.12 Even real-
time [Ca2þ ]i imaging has been reported in an in situ prepa-
ration by using two-photon microscopy, which may obviate
some of the challenges reported by Ghayur and Janssen using
LSCM.13 The applications for two-photon microscopy within
the kidney have been recently reviewed more extensively.4
In conclusion, two-photon microscopy offers the
investigator a sophisticated technique for dynamic studies
of the normal physiology of cells within their natural
environment as well as their response to pathological states
even over long periods of time in the same animal. Cellular
behavior thus can be put into the larger context, both
spatially and temporally.
1. Ghayur MN, Janssen LJ. Critical issues related to real-time fluorescence
imaging of renal tissues using confocal microscopy. Kidney Int 2008; 73: 656.
2. Helmchen F, Denk W. Deep tissue two-photon microscopy. Nat Methods
2005; 2: 932–940.
3. Molitoris BA, Sandoval RM. Intravital multiphoton microscopy of
dynamic renal processes. Am J Physiol Renal Physiol 2005; 288:
F1084–F1089.
4. Ashworth SL, Sandoval RM, Tanner GA et al. Two-photon microscopy:
visualization of kidney dynamics. Kidney Int 2007; 72: 416–421.
5. Tanner GA, Sandoval RM, Molitoris BA et al. Micropuncture gene delivery
and intravital two-photon visualization of protein expression in rat
kidney. Am J Physiol Renal Physiol 2005; 289: F638–F643.
6. Horbelt M, Wotzlaw C, Sutton TA et al. Organic cation transport in the rat
kidney in vivo visualized by time-resolved two-photon microscopy. Kidney
Int 2007; 72: 422–429.
7. Yu W, Sandoval RM, Molitoris BA. Quantitative intravital microscopy using
a generalized polarity concept for kidney studies. Am J Physiol Cell Physiol
2005; 289: C1197–C1208.
8. Sandoval RM, Kennedy MD, Low PS et al. Uptake and trafficking of fluorescent
conjugates of folic acid in intact kidney determined using intravital
two-photon microscopy. Am J Physiol Cell Physiol 2004; 287: C517–C526.
9. Kelly KJ, Sandoval RM, Dunn KW et al. A novel method to determine
specificity and sensitivity of the TUNEL reaction in the quantitation of
apoptosis. Am J Physiol Cell Physiol 2003; 284: C1309–C1318.
10. Tanner GA, Sandoval RM, Dunn KW. Two-photon in vivo microscopy of
sulfonefluorescein secretion in normal and cystic rat kidneys. Am J Physiol
Renal Physiol 2004; 286: F152–F160.
11. Horbelt M, Lee SY, Mang HE et al. Acute and chronic microvascular
alterations in a mouse model of ischemic acute kidney injury. Am J Physiol
Renal Physiol 2007; 293: F688–F695.
12. Peti-Peterdi J, Morishima S, Bell PD et al. Two-photon excitation
fluorescence imaging of the living juxtaglomerular apparatus. Am J
Physiol Renal Physiol 2002; 283: F197–F201.
13. Peti-Peterdi J. Calcium wave of tubuloglomerular feedback. Am J Physiol
Renal Physiol 2006; 291: F473–F480.
M Ho¨rbelt1 and F Pietruck1
1Department of Nephrology, University Hospital, School of Medicine,
Essen 45147, Germany
Correspondence: F Pietruck, Univesita¨tsklinikum Essen, Klinik fu¨r
Nieren- und Hochdruckkrankheiten, Essen 45147, Germany.
E-mail: frank.pietruck@uni-due.de
Age- and gender-specific
reference values of estimated
glomerular filtration rate in a
Caucasian population: Results of
the Nijmegen Biomedical Study
Kidney International (2008) 73, 657–658; doi:10.1038/sj.ki.5002755
To the Editor: We recently reported reference values for
estimated glomerular filtration rate (eGFR).1 Serum creati-
nine was calibrated against the creatinine assay in the original
Modification of Diet in Renal Disease (MDRD) laboratory.2
Recent guidelines advise to calibrate serum creatinine assays
against creatinine values traceable to isotope dilution mass
spectrometry. The original MDRD equation was re-expressed.3
This new equation is
175 (standardized serum creatinine (in mmol l1)/
88.4)1.154 (age (in years))0.203 0.742 (if female).
We recalculated our reference values of eGFR using this new
formula and standardized serum creatinine values (see tables
provided as Supplementary Table S1). The new values exceed
our previously reported values, 5th percentile (p5) values
being higher by approximately 10%. An explanation can be
found in the reported regression equations.1,3,4 Levey et al.
ignored a seemingly small systematic difference of 3mmol l1
between the enzymatic assay and the isotope dilution mass
spectrometry values, and intercepts of 2.30 and 2.53,
respectively, for the comparisons between the enzymatic
method and the Jaffe methods. We and others have used
regression equations with intercepts of 10 and 16, respec-
tively.1,4 These differences in regression equations are likely
due to the coefficient of variation of the creatinine assays.4
Although systematic deviations of 3–10mmol l1 appear small
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and negligible, they clearly affect results of calculations
particularly for serum creatinine values o100mmol l1. Use
of the new formula and standardized serum creatinine values
thus results in slightly higher reference values for eGFR. For
the individual patient, this is clinically not relevant, particu-
larly in view of the known bias in agreement between eGFR
and real GFR, with approximately 80% of values of eGFR lying
within 30% of real GFR. Use of the new formula and
standardized creatinine values will allow better comparisons
between studies and populations.
1. Wetzels JFM, Kiemeney LALM, Swinkels DW et al. Age- and gender-
specific reference values of estimated GFR in Caucasians: the Nijmegen
Biomedical Study. Kidney Int 2007; 72: 632–637.
2. Stevens LA, Manzi J, Levey AS et al. Impact of creatinine calibration on
performance of GFR estimating equations in a pooled individual patient
database. Am J Kidney Dis 2007; 50: 21–35.
3. Levey AS, Coresh J, Greene T. Expressing the Modification of Diet in
Renal Disease Study equation for estimating glomerular filtration
rate with standardized serum creatinine values. Clin Chem 2007; 53:
766–772.
4. Vickery S, Stevens PE, Dalton RN et al. Does the ID-MS traceable MDRD
equation work and is it suitable for use with compensated creatinine
assays? Nephrol Dial Transplant 2006; 21: 2439–2445.
JFM Wetzels1, HL Willems2 and M den Heijer3,4
1Department of Nephrology, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands; 2Department of Clinical Chemistry, Radboud
University Nijmegen Medical Centre, Nijmegen, The Netherlands;
3Department of Epidemiology and Biostatistics, Radboud University
Nijmegen Medical Centre, Nijmegen, The Netherlands and 4Department
of Endocrinology, Radboud University Nijmegen Medical Centre, Nijmegen,
The Netherlands
Correspondence: JFM Wetzels, 464, Department of Nephrology, Radboud
University Nijmegen Medical Centre, PO Box 9101, 6500 HB Nijmegen,
The Netherlands. E-mail: j.wetzels@nier.umcn.nl
l e t t e r t o t h e e d i t o r
658 Kidney International (2008) 73, 656–658
